| INTRODUCTION
Upon consumption of an alcoholic beverage, ethanol enters from the digestive system into the blood and has numerous toxic effects.
Ethanol is first catalytically oxidized into acetaldehyde, chiefly by alcohol dehydrogenase-1B (ADH1B). And subsequently it is metabolized into harmless acetic acid, mainly through aldehyde dehydrogenase-2 (ALDH2).
1,2 The accumulation of acetaldehyde can cause DNA damage and switching on the cell's DNA repair genes. Arg48His polymorphism is associated with the development of alcohol-related diseases, particularly in some populations of Asian.
4 ADH1B*48His allele has been reported to protect against alcoholism or alcohol use disorders due to increased sensitivity to alcohol. 5 In addition, ADH1B*47Arg can significantly increase the risk of esophageal squamous cell carcinoma (ESCC) in Asians. [6] [7] [8] Therefore, the detection of ADH1B Arg48His polymorphism is important for estimating the risk of alcohol-related diseases and investigating the association between ADH1B polymorphism and other alcohol-related problems.
SNP genotyping can be performed by lots of assays such as PCRrestriction fragment length polymorphism (PCR-RFLP), polymerase chain reaction with confronting two-pair primers (PCR-CTPP), allele-specific PCR (AS-PCR), TaqMan genotyping assay and Sanger sequencing. [9] [10] [11] In consideration of the clinical importance of the ADH1B Arg48His variant, we have sought to develop an allele-specific detection assay for SNP genotyping using an improved PCR-CTPP assay. As shown in Figure 1 , this assay produces allele-specific DNA bands of different lengths by adding four designed primers (two inner primers and two outer primers) and can simultaneously amplify both mutant and normal alleles as well as allow amplification of an internal DNA control. 11, 12 Then, the singlenucleotide polymorphism (SNP) genotyping can be identified just by agarose electrophoresis without further operations.
However, the design of feasible CTPP primers is still challenging.
Here, we report a simple, rapid, cost-effective, and specific PCR-CTPP assay to reliably detect ADH1B Arg48His polymorphism.
| MATERIALS AND METHODS

| Samples
One hundred and eighty healthy volunteers (103 males, 77 females) from
Han Chinese were recruited. Genomic DNA was extracted from peripheral blood samples using the TIANamp Blood DNA Kit (Tiangen Biotech, Beijing, China). The DNA samples were stored at −20°C in our laboratory.
| Primers design
The sequence of ADH1B gene and polymorphism rs1229984 was from NCBI website (https://www.ncbi.nlm.nih.gov/snp/). To increase the specificity of the reaction, a mismatch is introduced at the 3′ end of each of the two allele-specific and an additional weak mismatch is introduced at the third position from the 3′ end of each of the outer primers (F3 and R4). Another pair of the outer primers (F5 and R6) were the normal sequences. The primers for PCR-CTPP were designed on an online primer designing tool-Primer 3 and primers synthesis were completed by Takara (Takara Biotechnology Co. Ltd.,
Dalian, China). The sequences were shown in Table 1 .
| SNP genotyping
This by standard electrophoresis on 2% agarose gels containing Gel-red.
| Sanger sequencing
PCR-CTPP was evaluated by comparing with Sanger sequencing and the following primers were used for ADH1B rs1229984 PCR amplification: forward 5′-GGTAGAGAAGGGCTTTAGACTGA-3′and reverse F I G U R E 1 Schematic representation of PCR-CTPP assay. Two different allele-specific amplicons and a larger outer amplicon (control amplicon) are generated by two inner primers and a pair of two outer primers. These three amplicons will have different lengths and will be easily separated by agarose gel electrophoresis 
| Statistical analysis
| RESULTS
Three genotypes of ADH1B Arg48His can be distinguished by agarose electrophoresis with the primers of F1R2F3R4, just as shown in Figure 2A , the homozygous allele His (Lane V3, V4) showed two bands of 592 bp and 778 bp; the homozygous allele Arg (Lane V6) showed two bands of 238 bp and 778 bp; and the heterozygote (Lane V1,V2,V5)
Showed three bands of 238 bp, 592 bp and 778 bp, respectively.
However, when there was no mismatch introduced at the third position from the 3′ end of the outer primers, the genotyping was not successful for ADH1B Arg48His. In Figure 2B , only the band of Arg allele amplicon and outer amplicon can be identified. His allele amplicon was a failure.
After amplification of ADH1B gene, agarose gel electrophoresis of PCR product (580 bp) was presented in Figure 3a . Three genotypes of ADH1B could be clearly distinguished using Sanger sequencing in Figure 3b . The results from the improved PCR-CTPP assay were confirmed by Sanger sequencing, and correct genotyping rates were 100%.
Polymorphisms of ADH1B Arg48His were detected in 180 Chinese
Han samples. 
| DISCUSSION
The ADH1B*48His allele is the predominant allele in Asian populations. 13 Compared with the less active Arg allele, His allele can accelerate the conversion of ethanol to acetaldehyde, and prevent people from heavy drinking because of higher concentration of F I G U R E 3 (A) Agarose gel electrophoresis of PCR products after amplification of ADH1B gene, and its product was 580 bp. (B) ADH1B genotyping by Sanger sequencing. a: ADH1B His/His; b: ADH1B Arg/His; c: ADH1B Arg/Arg acetaldehyde after drinking which leads to ethanol intolerance at low doses. 14 Moreover, it reported that Arg allele was associated with in- advantages. The laboratory equipment needed is often expensive, or the operation is cumbersome, so it is difficult for them to be widely applied to SNP detection in the general laboratory. PCR-CTPP assay do not need special equipment, and it is a reproducible single-tube reaction with only a small amount of standard PCR reagents. 18 The assay can be widely used in the detection of SNP because of its advantages of simplicity and reliability.
In this protocol of PCR-CTPP, a mismatch was introduced at the 3′ end of each of the two allele-specific to increase the specificity of the reaction.
But beyond that, different from the general PCR-CTPP assay, a new weak mismatch at-3 positions of outer primers was designed to decrease the efficiency of the aforementioned primers and depresses the amplification of an internal nonspecific DNA control, 12 which was successfully typed compared to no mismatch. Furthermore, annealing temperatures of allelic fragments were calculated equally to improve the strength of PCR and equal annealing temperature may facilitate the process of PCR. Finally, the inner/outer primer ratio of 1:3 successfully carried out the experiment when annealing temperature of PCR is 66°C. All tested samples displayed distinguishable PCR-CTPP patterns that can be assigned to the correct genotype with the rate equivalent to 100% compared with Sanger sequencing. This assay is very fast with only 2.0 hours and cost effective, which are particularly important for a routine diagnostic setting.
In conclusion, our study demonstrates that this improved PCR-CTPP assay is simple, rapid, cost-effective and reliable, specific for the detection of ADH1B Arg48His polymorphism in most clinical diagnostic laboratories.
